The conditions for the formation, the isolation and the purification of a new class of disaccharide derivatives, namely 8-ketoglycosides, are described. We have found still another mechanism for disaccharide breakdown, It consists in the primary formation of a 8-keto-glycoside without splitting of the oxygen bridge. These compounds are formed from lactose, maltose and the corresponding bionic acids. The most peculiar aspect of this oxidation is its site in the molecule. It might be expected that the oxidation would occur in the aglycone part of the disaccharide, particularly in the case of bionic acids, with the formation of 2-or 5-ketobionates. However, oxidation takes place on the C, of the glycosyl portion. These compounds constitute the first examples of 8-ketosugar derivatives isolated as intermediates in a metabolic pathway. The chemistry of these compounds is barely known. We are only aware of the existence of methyl-/9-8-keto-~-glucopyranoside, obtained through dichromate oxidation from methyl-/9--D-glucopyranoside (Lindberg & Theander, 19541). Some of our results have been published in a short 9 G. Microb. XXII 
The first step in the catabolism of disaccharides by most tissues is usually performed by a transfenrse, such that a hexgse nmiety is linked to another sugar-acceptor. Hydrolysis is a special case of this general rule, water being the acceptor. Bacteria are notable for effecting other types of disaccharide breakdown: Pseudonaonas saccharophila utilizes sucrose after the action of sucrose phosphorylase, and several strains of the genus Pseudomortae (Stodola & Lockwood, 1987;  Kluyver, De Ley & Rijven, 1951) and other bacteria (Eddy, 1958) , are able to oxidize lactose and maltose to the corresponding bionic acids. The latter compounds can be hydrolysed by the corresponding /?-galactosidase and a-glucosidase of several bacteria. One example was studied in Corywbcwterium simplex (Bernaerts & De Ley, 1957) .
We have found still another mechanism for disaccharide breakdown, It consists in the primary formation of a 8-keto-glycoside without splitting of the oxygen bridge. These compounds are formed from lactose, maltose and the corresponding bionic acids. The most peculiar aspect of this oxidation is its site in the molecule. It might be expected that the oxidation would occur in the aglycone part of the disaccharide, particularly in the case of bionic acids, with the formation of 2-or 5-ketobionates. However, oxidation takes place on the C, of the glycosyl portion. These compounds constitute the first examples of 8-ketosugar derivatives isolated as intermediates in a metabolic pathway. The chemistry of these compounds is barely known. We are only aware of the existence of methyl-/9-8-keto-~-glucopyranoside, obtained through dichromate oxidation from methyl-/9--D-glucopyranoside (Lindberg & Theander, 19541) . Some of our results have been published in a short main -ban source. No notable loss of the oxidizing properties has been observed during this period.
These strains displayed most of the characteristics of A M & M f ' k , as described in Bmgey's ManzcaZ (6th edition). However, their pronounced saccharolytic properties set them apart from the species in this genus, which have only feeble power of attacking carbohydrates. The real taxonomic position of our strains is still under investigation. Authentic strains of A. faeculis grew poorly on the disaccharides or the bionic acids and did not possess the oxidative properties to be described.
Detectha of &h&glycoSides. 3-Ketoglycosides in the culture media were easily detected by virtue of their property of reducing Fehling, Scales and other sugar reagents at room temperature. This reduction occurred suddenly a few seconds to some minutes after a sample of the culture medium had been mixed with the reagent. The relative amounts of the strongly reducing compounds present could be roughly estimated by two procedures: either by titration of the Cu,O formed from the Scales reagent after 2hr. a t mom temperature, or by determining the 'reduction time'. The latter value is the time required for a mixture of equal volumes of culture medium and Scales reagent to turn yellow. The more reducing matend present, the faster this reduction takes place. One can use either one of these methods to follow the production of the strongly reducing compounds during the aerobic fermentation. However, they do not allow a quantitative estimation of the yield. Most of these solvents did not allow the separation of the substrate from the oxidation products, with the exception of water-saturated phenol (solvent A) and a mixture of ethyl acetate, pyridine, acetic acid and water (5 -k 5 + 1 +8; solvent B). Solvent 
RESULTS

F d h of the o x i d a t h products by growing bacteria
The active strainsgrew very well on lactose, maltose, the corresponding bionates and on different mqnoses. No p w t h was observed under anaerobic conditions. The optimal temperature for the formation of the oxidation products by growing bacteria in strongly aerated media was about 85O. The results of a series of experiments are illustrated in Fig. 1 . The formation of the strongly reducing substances followed the same pattern as described for other intermediates in oxidative processes, namely, they reached a maximum after a few days and then slowly disappeared. In the particular experiment illustrated the maximum was reached after 2 days, although in most cases the maximum was obtained after 1 day. It was shown by paper chromatography that all the substrate was not yet consumed. Not even traces of the 8-ketoglycosides were detected in media containing glucose, galactose, gluconate or equimohmixtures of glucose +galactose, glucose + gluconate, galactose +gluConate. This ohowed that the strongly reducing substances were formed before the oxygen bridge in either the disaccharides or the bionates was broken by hydrolysis. About 75% of the total amount of lactose was converted into the corresponding 8-ketoglycoside. In the experiment reported in Fig. 1 , no appreciable amounts of the strongly reducing substances were produced in the d t o s e media. In other experiments higher yields were obtained, when a very heavy inoculum was used and the flasks were Vigorously shaken.
Paper chromatography of the culture media showed that each substrate gave rise to only one type of reducing compound (with all solvents only one spot was revealed), that the oxidation products were slightly different from each other according to the substrate used and yet that their properties were very similar (the colours obtained with several spray reagents were identical).
The full results on the chemical properties of these compounds are published in the following paper (Bernwrts & De Ley). After a few days of incubation the media disphyed a varying viscosity, depending on the carbohydrate used, which was probably an indication of the amount of polysaccharides formed. Disaccharides and monoses yielded the most Viscous media: with bionates they were less so. ,O,, 0-04 N) in the Scales method, after 2 hr. contact of 2 ml. centrhged culture medium with 10 ml. copper reagent. The resulting acid solutions, containing the oxidation products from lactaw and maltose, were neutxahed with weak mion exchangers (e,g. Merck 11).
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The clear and colourless solutions were concentrated by 1yophiliza;tion. The oxidation products we= p&d and fpeed from the Itsst traces of substrate by p a p e r -@ y .
A 10 % (wlv) solution was applied in narrow baads 0111 a s e r k d lirrge sheets of whtltman no. 1 paper and developed as an ascending chromatogram with solvent A. The band with the oxidation product was located with o-phenylenediamine HC1, cut out, dried at room temperature and the phenol eliminated by a stream of water vapour. The strips were eluted with water and the solution lyophilized. Anion exchangers were unsuitable for the purification of the bionate media, because the oxidation products remained partially adsorbed. Therefore, sulphates and phosphates were precipitated with Ba(OH),; an alkaline pH was avoided. In order to obtain a cleaner separation of the oxidation product from the lactobionate, the acids were converted into the lactones by boiling for 3 min. in 0-75 N-HC1. Paper chromatographic separation was carried out as described above. The lactone of the oxidation product was eluted, but traces of HCl still remained. The lactone was converted into the salt by neutralization,
The separation of the lactone of the oxidation product from maltobionate and its substrate was unsatishctory with all the solvents used. The separation in the salt form was effected with solvent B.
The amounts of the oxidation products from the bionates, obtainable by this chromatographic procedure, were rather small, because the separation of the oxidation product of the bionates from their substrates is not so clean as in the case with the corresponding disaccharides. All attempts to obtain crystalline oxidation products failed. Only colourless to yellowish syrups in a chromatographidy pure state were obtained.
Hydrolysis of disaccharides and bimzates by azctolysed bacteria Since maltose gave a considerably smaller yield of oxidation products than hctase, and the disaccharides were worse sources than the corresponding bionates, it was considered interesting to verify the correlation between the hydrolase activity snd the fonnation of the oxidation products. The results of one experiment are represented in Fig. 2. The hydrolysis of the disaccharides proceeded much faster than that of the corresponding bionates, which tallies with the specificity of the a-glucosidases and p-galactosidases, reported by Pigman (1944). However, the ratio of the hydrolysis velocities of lactose and lactobionate by enzyme preparations of our strains are different from the results reported for the fl-gslactmidme of either sweet almond (Helferich, Pigman & Isbell, 1989) 
DISCUSSION
The formation of 8-ketoglycosides by the action of rniero-organisms on disaccharides has not been described before; in fact, these compounds were hitherto unknown. This discovery discloses a new pathway of disaccharide catabolism by micro-organisms, in addition to the four types already known, namely hydrolysis, t r a d e r , phosphorolysis and oxidation of the aldehyde group. The interesting aspect of the formation of these 8-ketoglycosides is that the substrate molecules are oxidized before the splitting of the oxygen bridge.
In our bacteria two mechanisms apparently compete for the substrates, namely, hydrolysis and oxidation. The stronger the hydrolase activity, the smaller the yield of the oxidation products. The former pathway is particularly important for maltose, explaining the small amounts of 3-ketoglucosylglucose formed. Maltobionate is much more difficult to hydrolyse by the a-glycosidase, thus a higher yield of 3-ketoglucosyl-gluconate is obtained. The same reasoning applies to lactose and lactobionate. A third factor, which probably still enters the competition and whose importance is difficult to assess in quantitative terms, is the formation of the supposed polysaccharides, responsible for the viscous media.
